Alpinia officinarum has been used as a folk medicine and contains diarylheptanoids that have various biological activities. However, their antiviral activities are less elucidated. We examined the antiviral activities of nine diarylheptanoids isolated from A. officinarum against respiratory syncytial virus (RSV), poliovirus, measles virus, and herpes simplex virus type 1 (HSV-1) using a plaque reduction assay. The 50% inhibitory concentrations of seven of the nine diarylheptanoids for RSV were moderately but significantly lower than their 50% cytotoxic concentrations, as determined by a trypan blue exclusion assay. Four diarylheptanoids with anti-RSV activity also showed antipoliovirus and anti-measles virus activities and three of the four exhibited anti-HSV-1 activity. Thus, seven of the nine diarylheptanoids examined exhibited potential antiviral activity against RSV, and most of the diarylheptanoids with anti-RSV activity, including two diarylheptanoids without anti-RSV activity, were effective against poliovirus, measles virus, and/or HSV-1 in vitro. Diarylheptanoids were suggested to have a broad spectrum of antiviral activity.
Alpinia officinarum (A. officinarum), family Zingiberaceae, is known as lesser galangal. This rhizome has been used in various Asian cuisines and as a traditional medicine, such as an antiemetic, stomachic, and analgesic in Asia from ancient times.
Respiratory syncytial virus (RSV) infection is very common in children less than 2 years old and sometimes causes serious bronchilitis and pneumonia [1] . In elderly and high-risk adults, RSV infection is an important illness [2] . Ribavirin, palivizumab, and motavizumab are used for the treatment and prevention of RSV infection [3] [4] [5] [6] , but there are few clinically specific and effective anti-RSV drugs.
In a series of studies on the development of bioactive components from natural sources, we found that a methanol extract from the rhizome of A. officinarum is effective in inhibiting tumor promotion by 12-Otetradecanoylphorbol-13-acetate in mouse skin [7] . An extract of A. officinarum was previously shown to exhibit therapeutic efficacy against herpes simplex virus type 1 (HSV-1) infection in mice [8] . Diarylheptanoids isolated from A. officinarum have been shown to exhibit cytotoxic activity [9] , suppressive activity of inducible nitric oxide synthase expression [10] , inhibitory activity of biosynthesis of prostaglandin and leukotrienes [11, 12] , and inhibitory activity of proinflammatory mediators [13] . Although a variety of biological activities associated with diarylheptanoids have been demonstrated, antiviral activity of diarylheptanoids has been reported only against influenza virus [14, 15] . In the present study, we examined the potential anti-RSV activity of diarylheptanoids in vitro. Their anti-RSV activities were compared with antiviral activities against poliovirus, measles virus, and HSV-1 to characterize the anti-RSV activity.
Diarylheptanoids (AO-1 to 9, Figure 1 and Table 1) were examined for their anti-RSV activity and cytotoxicity in vitro. As shown in Table 1 , the EC 50 values of seven diarylheptanoids (AO-1, 2, 4, 5, and 7-9) were significantly lower than their CC 50 values. DMSO at 1%, the maximum concentration used to dissolve diarylheptanoids in the culture medium, was not cytotoxic. The therapeutic indexes (CC 50 /EC 50 ) of 7-(4"hydroxyphenyl)-1-phenyl-4E-hepten-3-one (AO-2) and (5S)-5-methoxy-1,7-diphenyl-3-heptanone (AO-7) were 4.6 and more than 6.1, respectively, and RSV was more NPC Natural Product Communications susceptible to AO-2 and AO-7 than to the other diarylheptanoids examined. In this assay, the EC 50 value of ribavirin, used as a control, was similar to the results reported previously [16, 17] . Thus, seven diarylheptanoids (AO-1, 2, 4, 5, and 7-9) were demonstrated to show moderate, but potential antiviral activity against RSV in vitro. This is the first evidence demonstrating the anti-RSV activity of diarylheptanoids in vitro.
To evaluate the antiviral spectrum of diarylheptanoids with anti-RSV activity, four diarylheptanoids (AO-1, 4, 5, and 7) with anti-RSV activity were examined for antipoliovirus, -measles virus, and -HSV-1 activities. However, three diarylheptanoids (AO-2, 8, and 9) with anti-RSV activity were not used, because there were not sufficient amounts to perform a plaque reduction assay. As shown in Table 2 , the EC 50 values of four diarylheptanoids (AO-1, 4, 5, and 7) for poliovirus and measles virus were significantly lower than their CC 50 values. The EC 50 values of three (AO-4, 5, and 7) of the four for HSV-1 were also significantly lower than their CC 50 values. Therefore, among the four diarylheptanoids, three (AO-4, 5, and 7) with anti-RSV activity exhibited anti-poliovirus, -measles virus, and -HSV-1 activities. AO-1 exhibited antipoliovirus and -measles virus activities, but not anti-HSV-1 activity. Because the three diarylheptanoids (AO-4, 5, and 7) showed antiviral activity against all viruses used in this study, they were suggested to have broad spectrum antiviral activity.
We also examined anti-poliovirus, -measles virus, and -HSV-1 activities of AO-3 and 6 that did not exhibit anti-RSV activity in vitro. As shown in Table 2 , AO-3 was significantly effective for measles virus, but not for poliovirus and HSV-1. However, all three viruses examined were significantly susceptible to AO-6. Only measles virus was susceptible to all of the six diarylheptanoids (AO-1, 3, 4, 5, 6, and 7) without relation to anti-RSV activity. Diarylheptanoids without anti-RSV activity were also effective against poliovirus, measles virus, and/or HSV-1 in vitro and the broad spectrum of antiviral activity was confirmed.
RSV has a different virus structure and replication cycle from poliovirus and HSV-1. However, it has a similar virus structure and replication cycle to measles virus as some paramyxoviruses. In Table 2 , six diarylheptanoids (AO-1, 3, 4, 5, 6, and 7) exhibited anti-measles virus activity. However, two (AO-3 and 6) of them had no anti-RSV activity ( Table 1 ). It is possible that AO-3 and 6 interfered with a replication step specific to measles virus but not RSV in paramyxoviruses. Although we focused on diarylheptanoids with anti-RSV activity in this study, AO-3 and 6 were suggested to be potent candidates as antimeasles virus compounds. In our screening of anti-RSV activity in vitro, the CC 50 /EC 50 value (>6.1) of AO-7 was highest ( Table 1) . AO-7 also exhibited anti-poliovirus,measles virus, and -HSV-1 activities ( Table 2 ) and may be characterized as a candidate for an anti-RSV compound with a broad antiviral spectrum. Studies of the structureantiviral activity relationships of many diarylheptanoids isolated from A. officinarum [18] [19] [20] against various kinds of viruses may be worthwhile to analyze the antiviral actions and to obtain more effective antiviral diarylheptanoids.
RSV was significantly susceptible to seven of the nine diarylheptanoids isolated from A. officinarum. Of the nine, six (AO-1, 3, 4, 5, 6, and 7) with or without anti-RSV activity were effective against poliovirus, measles virus, and/or HSV-1.Thus, diarylheptanoids were suggested to possess a broad spectrum of antiviral activity. 
Experimental
Chemicals: Dimethyl sulfoxide (DMSO) and ribavirin were purchased from Wako Pure Chemical Industries, Ltd., Osaka, Japan. Acyclovir was purchased from GlaxoSmithKline, Tokyo, Japan. Diarylheptanoids (AO-1 to 9, Figure 1 and Table 1 ) were isolated from the rhizome of A. officinarum, as described previously [9, 20] .
Cells and viruses:
Human epidermoid carcinoma (HEp-2) cells (American Type Culture Collection CCL-23) were purchased from Dainippon Pharmaceutical, Osaka, Japan, and grown and maintained in Eagle's minimum essential medium (EMEM; Nissui Pharmaceutical Co. Ltd., Tokyo, Japan) supplemented with 10% and 2% heat-inactivated fetal calf serum, respectively. Vero E6 cells were provided by Dr K. Shiraki (Toyama University, Japan) and grown and maintained in EMEM supplemented with 8% and 2% heat-inactivated calf serum, respectively. The A2 strain of RSV was obtained from American Type Culture Collection (Rockville, MD) and grown in HEp-2 cell cultures. Poliovirus type 1 (Sabin strain), measles virus (Tanabe strain), and HSV-1 (7401H strain) were provided by Dr K. Shiraki (Toyama University, Japan) and propagated in Vero cells [8] .
Antiviral and cytotoxic assays:
The anti-RSV activities of 9 diarylheptanoids were examined by a plaque reduction assay using HEp-2 cells [21, 22] . Briefly, HEp-2 cells grown in 24-well plates were infected with 100 plaqueforming units (PFU)/0.2 mL of RSV at 37ºC for 1 h. The cells were overlaid with 1 mL of maintenance EMEM containing 0.8% methylcellulose and various concentrations of either diarylheptanoids or ribavirin and maintained in a humidified atmosphere containing 5% CO 2 for 4-5 days.
The anti-poliovirus, -measles virus, and -HSV-1 activities were also examined by a plaque reduction assay using Vero cells [8] . Duplicate cultures of Vero cells in 60-mm plastic dishes were infected with 100 PFU/0.2 mL of poliovirus, measles virus, or HSV-1 for 1 h. Then the cells were overlaid with 5 mL of nutrient 0.8% methylcellulose medium containing various concentrations of either diarylheptanoids or acyclovir. The virus-infected cultures were incubated for 2-5 days at 37ºC. The infected cells were fixed and stained, and the plaques were counted [8] . All diarylheptanoids were dissolved in DMSO and diluted with culture medium to make the various final concentrations. The concentration of DMSO in each medium was less than 1%. Ribavirin and acyclovir were dissolved in distilled water and DMSO, respectively, and used as controls. The 50% effective antiviral concentration (EC 50 ) was the concentration that reduced virus-induced cell destruction by 50%, as described previously [8, 21] .
The cytotoxicity of diarylheptanoids was assessed by trypan blue exclusion assays using mock-infected HEp-2 or Vero cells. The cells were seeded at a concentration of 5 x 10 4 cells/mL in 24-well plates. After incubation at 37 o C for 24 h, the culture medium was replaced with fresh medium containing one of the diarylheptanoids at various concentrations and the cells were further incubated for 48 h. After 48 h, the cells were trypsinized and the number of viable cells was determined by a trypan blue exclusion assay. The 50% cytotoxic concentration (CC 50 ) was determined as the concentration that reduced cell destruction by 50% [21] .
Statistical analysis:
Statistical significances of differences between the EC 50 and CC 50 values were evaluated using Student's t-test. A P value of 0.05 or less was considered to be significant statistically.
